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1 Introduction
Since its discovery in 1995, the top quark is playing a key role in the understanding
of Quantum Chromodynamics (QCD) processes at high energies. The top quark
pair(tt) production cross-section at the LHC allows to deeply explore the production
mechanisms and search for signals of New Physics processes beyond the Standard
Model (SM). In this article, the top quark charge asymmetry measurements performed
by the ATLAS [1] experiment are presented. Results in single-lepton and dilepton top
decay channels for pp collisions at 7 TeV center-of-mass energy using data collected
in 2011 are shown.
2 The top quark charge asymmetry
At the LHC collider, tt pairs are produced mainly through gluon-gluon (gg) fusion
process. Only around 20% of the events are produced from quark-antiquark (qq)
hard collisions, while the fraction coming from quark-gluon (qg) partonic processes
is almost negligible. The charge asymmetry AC is a manifestation of the forward-
backward asymmetry when the CP invariance holds. It is a tiny NLO QCD effect
(ASMC = 0.0123±0.0005 [2]) present only in asymmetric initial states, like qq and qg.
In the tt-system center-of-mass frame, the effect of the charge asymmetry is that tops
(antitops) are produced preferentially in the incoming quark (antiquark) direction. At
hadron colliders it is difficult to determine the quark/antiquark direction, so another
quantity in the laboratory frame is needed to measure this asymmetry. The variable
∆y = yt − yt, where y represents the rapidity of the top/antitop quark, measured
in the laboratory frame, is Lorentz invariant. It has the same value as the forward-
backward asymmetry in the tt center-of-mass frame, computed as a function of the
cos θ∗ angle between the top and the incoming quark. TeVatron experiments used
∆y variable to measure this asymmetry, counting the number of events where ∆y is
positive or negative.
At the LHC, due to the symmetry of the incoming beams, an asymmetry based on
the ∆y variable would vanish. Hence the variable ∆|y| = |yt| − |yt| has been chosen,
based on the fact that quarks are more boosted than antiquarks, due to the different
mean momenta carried by valence quarks and sea antiquarks. The asymmetry AC
obtained counting the number of events where ∆|y| is positive or negative, is called
top quark charge asymmetry.
3 Measurements in the single-lepton channel
The top quark charge asymmetry AC has been measured by the ATLAS experiment
with data collected at 7 TeV center-of-mass energy corresponding to an integrated
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luminosity of 4.7 fb−1 [3]. The charge asymmetry has been measured inclusively and
differentially as a function of the mass (mtt), the transverse momentum (pT,tt) and the
absolute rapidity (|ytt|) of the tt-system. In addition, an inclusive and a differential
measurement as a function of mtt has been performed with the additional requirement
of a minimum velocity βz,tt > 0.6 of the tt-system velocity along the beam axis to
enhance the sensitivity to new physics processes beyond the SM (BSM).
Events are selected requiring the presence of exactly one reconstructed isolated elec-
tron (muon) with pT > 25 (20) GeV, at least four jets (reconstructed with the anti-kT
algorithm with a 0.4 radius parameter in the η−φ plane) with pT > 25 GeV of which
at least one tagged as a b-jet. Additional cuts are applied on the missing transverse
momentum EmissT > 30 GeV and the transverse W mass m
W
T > 30 GeV in the electron
channel, while a cut on their sum (EmissT + m
W
T ) > 60 GeV is applied on the muon
channel. In both cases the aim is to reduce the multijet background.
The main backgrounds for this analysis, which are multijet and W+jets, are esti-
mated using data-driven techniques, while sub-dominant backgrounds like Z+jets,
single top and diboson (WW , WZ, ZZ) production are estimated using Monte Carlo
simulated samples.
The tt system is reconstructed using a kinematic likelihood fit that assesses the com-
patibility of the observed events with the topology of a simulated tt decays. This
method identifies the correct decay topology in 75% of the cases.
The reconstructed ∆|y| distributions are distorted by acceptance and detector res-
olution effects. An unfolding procedure is used in order to correct for these effects
and to pass from the reconstructed asymmetries to the partonic relative quantities.
Simulated tt events are used to build a response matrix M relating true T and recon-
structed R observed quantities. Its elements Mtr represent the probability and the
efficiency of an event produced in the true bin t of the distribution of interest to be
reconstructed in any bin r. After the subtraction of the backgrounds to the data in
the signal region, this matrix is inverted using the FBU (Fully Bayesian Unfolding)
technique based on the application of Bayes’ theorem to the unfolding problem [4].
Given an observed spectrum D in data for ∆|y| and the response matrix M(T,R),
the posterior probability density p of the true T spectrum can be computed using the
Bayes’ theorem:
p(T |D,M) ∝ L(D|T,M)× pi(T ) (1)
where L(D|T,M) is the conditional likelihood for the data D assuming the true
spectrum T and the response matrix M , and pi is the prior probability density for
T . Assuming that data follows a Poisson distribution, the likelihood L(D|T,M)
can be computed using the information of the response matrix M(T,R) obtained
in simulated tt events. Conversely, the prior distribution pi(T ) represents our prior
knowledge about T before the measurement is performed. In this context, the choice
of pi(T ), which is arbitrary, can be interpreted as the choice of a regularisation function
in other unfolding techniques. Both a flat prior and a prior distribution based on the
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AC Data Theory
Unfolded 0.006±0.010 0.0123±0.0005
Unfolded with mtt > 600 GeV 0.018±0.022 0.0175+0.0005−0.0004
Unfolded with βz,tt > 0.6 0.011±0.018 0.020+0.006−0.007
Table 1: Measured values of the inclusive charge asymmetry, AC , for the electron
and muon channels combined after unfolding without and with the βz,tt > 0.6 cut ex-
plained in the text. The AC measurement with a cut on mtt > 600 GeV is also shown.
SM predictions, as described in the text, are also reported. The quoted uncertainties
include statistical and systematic components after the marginalisation [3].
curvature of the true ∆|y| spectrum have been used for the various measurements
performed. In both cases it has been checked that any bias in the AC measurements
and their uncertainties was introduced.
The inclusive and the differential AC measurements have been performed combining
the electron and muon channels. The inclusive charge asymmetry, together with the
measurements and predictions for mtt > 600 GeV and βz,tt > 0.6 requirements, are
shown in Table 1. In Figure 1 the ∆|y| distributions after the unfolding procedure
and the differential AC measurements as a function of mtt, pT,tt and |ytt| are shown.
A combination with the inclusive AC measurement at the same centre-of-mass energy
performed by CMS experiment [5] has been also performed. Using the BLUE (Best
Unbiased Linear Estimator) method [7], the combination is performed taking into
account the central values, the statistical and the systematic uncertainties of the two
measurements and their correlations. The combined value for the top quark charge
asymmetry was found to be: AC = 0.005 ± 0.007(stat.) ± 0.006(syst.), compatible
with the SM predictions [6].
4 Measurements in the dileptonic channel
A measurement of the charge asymmetry has been done by the ATLAS experiment
also in the dileptonic tt decay channel with an integrated luminosity of 4.7 fb−1 [8].
The events are selected requiring exactly two oppositely charged leptons with the
same flavor (i.e. ee, eµ and µµ) and pT > 30(20) GeV for electrons (muons). At
least two jets with pT > 25 GeV are also required. In the ee and µµ channels ad-
ditional cuts are applied on the missing transverse momentum EmissT > 60 GeV and
the invariant mass of the lepton pair (m(ll)) within 10 GeV from the Z boson mass
to remove Z+jets background. In the eµ channel a cut on HT , that is the scalar sum
of the lepton and jets transverse momentum, is also applied: HT > 130 GeV.
Having two neutrinos in the final state, the kinematics of the tt decays is under-
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Figure 1: ∆|y| distribution (top left) and the unfolded AC asymmetry distributions
as a function of mtt (top right), pT,tt (bottom left) and |ytt| are shown. The AC values
after the unfolding (points) are compared with the SM predictions (green lines) and
the predictions for a colour–octet axigluon with a mass of 300 GeV (red lines) and
7000 GeV (blue lines) respectively. The SM predictions include factorisation and
renormalisation scale uncertainties. The values plotted are the average AC in each
bin. The error bars include both the statistical and the systematic uncertainties on
AC values [3].
constrained. Hence several combinations of the physical objects in the final state are
admissible for each event. In each event, each solution has been weighted according
to a likelihood estimator derived from matrix elements for the LO process gg → tt.
The combination with the highest weight is finally chosen.
To measure the asymmetry at the partonic level, a calibration procedure is used
in this measurement. After the subtraction of the background, the measured raw
asymmetry is calibrated using calibration curves that relate reconstructed and true
asymmetries. The curves have been derived from simulated tt events where true
asymmetries ranging from −10% to 10% are considered and the corresponding re-
constructed asymmetries are evaluated. Raw (after the background subtraction) and
calibrated asymmetries in the various channels are shown in Table 2. A combination
among the ee, eµ and µµ channels has been then performed taking into account the
correlations among the measurements. The combined asymmetry has been measured
to be AC = 0.057 ± 0.024(stat.) ± 0.015(syst.). Furthermore, a combination with
a former single-lepton channel measurement performed by ATLAS experiment with
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Channel Raw asymmetry Calibrated asymmetry
ee 0.051± 0.045(stat.) 0.079± 0.087(stat.)± 0.028(syst.)
eµ 0.037± 0.014(stat.) 0.078± 0.029(stat.)± 0.017(syst.)
µµ −0.001± 0.022(stat.) 0.000± 0.046(stat.)± 0.021(syst.)
Table 2: Raw and calibrated top charge asymmetries, as desribed in the text, in the
three dileptonic channels [8].
1.04 fb−1 of data at a centre-of-mass energy of 7 TeV [9], has been performed, giving
a combined asymmetry AC = 0.029± 0.018(stat.)± 0.014(syst.).
5 Summary
The top quark charge asymmetry measurements performed by ATLAS experiment at
a centre-of-mass energy of 7 TeV have been presented. The asymmetry has been mea-
sured in the single-lepton and dileptonic channel depending on the tt decay topology.
Inclusive and differential measurements, as a function of specific kinematic quantities
of the tt system has been also presented. A combination with the inclusive AC mea-
surement obtained by the CMS experiment has been also described. All the presented
measurements did not show any significant deviation from the SM predictions.
References
[1] ATLAS Collaboration, JINST 3 (2008) S08003
[2] W. Bernreuther and Z.-Gi. Si, Phys. Rev. D 86 (2012) 034026
[3] The ATLAS Collaboration, JHEP02 (2014) 107
[4] G. Choudalakis, arXiv:1201.4612
[5] The CMS Collaboration, Phys.Lett. B 717 (2012) 129-150
[6] The ATLAS and CMS Collaborations, ATLAS-CONF-2014-012, CMS PAS
TOP-14-006, https://cds.cern.ch/record/1670535
[7] L. Lyons, D. Gibaut, P. Clifford Nucl. Inst. Meth. A270 (1988) 110;
[8] The ATLAS Collaboration, ATL-CONF-2012-057,
https://cds.cern.ch/record/1453785
[9] The ATLAS Collaboration, Eur. Phys. J. C (2012) 72:2039
5
